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The enzymes have two main functional properties: a high degree of substrate specificity and an enormous catalytic power. Substrate specificity derives from the chemistry of the enzyme active sites and binding properties. It is widely known Fisher's "key-lock" hypothesis, in which the substrate must be adsorbed on the surface of a rigid protein in order to account for the capacity of enzymes to discriminate between several substrates. On the other hand, the mechanism of enzyme catalytic power remains unclear. The mainstream explanation of enzyme catalysis is relied on the notion that enzymes can utilize the binding energy released during association of substrates to enzymes to decrease activation energy. A widely accepted version of this concept is that the every enzyme must be complementary to the substrate transitional structure. Thus, it is E assumed that the enzymatic conversion S ==> P of the substrates to products may be outlined by the simple general scheme I II III E + S ==> ES ==> EP ==> E + P
where E is the enzyme free of both reactant(s), S, and product(s), P, both ES and EP are the reaction intermediates, the numbers refer to the reaction steps.
There are a great number of theoretical works devoted to elucidation of enzyme power. However, it is not clear whether enzymatic model (1) meets the requirement of the sufficiently high rate of enzymatic reaction. Note that a factor of 10 12 was needed to the maximal theoretical catalytic rate of the model (1) in order to get the rate of an enzymatic reaction such as glycosidic hydrolysis 1 . Unfortunately, there are statements in some reviews that the rate accelerations that enzymes can produce are in the range of 10 8 -10 12 . At the present, the high rates of enzymatic reactions are unexplained; we can quote the emphatic saying of Wolfenden and Snider that "the rate enhancements that enzymes produce had not been fully appreciated until recently. In the absence of enzymes, these same reactions are among the slowest that have ever been measured, some with halftimes approaching the age of the Earth" 2 . The findings 3 make enzymatic reactions perfectly mysterious.
We should emphasize that the description (1) represents only a hypothesis that excludes the enzyme, for example, to be a reactant of the reaction. The main conclusion of the proposed concept of enzyme catalysis is that the active enzyme transfers to bound substrate some additional transfer group of the reaction with excess free energy. This conclusion that I had early proposed as suggestion for the case of extremely powerful hypothetical enzymes to solve the problem of above mentioned factor 4 has been supported by well-studied enzymatic reactions.
THEORETICAL RESULTS
It is unlikely that the enzyme can enhance the flux of kinetic energy of various moving particles from the medium to the substrate. In addition, the binding energy of enzymesubstrate complex cannot be considered as external free energy that is necessary for substrate activation.
Thus, I state that during conversion every enzyme involves the additional exergonic reaction that promotes substrate activation. For more detailed consideration let us start from the well established viewpoint that every reaction must be characterized by activation energy, which is equal to the heat energy, or kinetic energy, obtained by the reactants from their environment necessary to overcome the minimal potential energy barrier between the reactants and products. Therefore we may insert the transition state EX ‡ complex for non-catalytic reaction (1) and use the scheme
where X ‡ denotes the reactants in the transition state complex. It is known from transition state theory that the EX ‡ complex has significant free energy excess in relation to other intermediates because of substrate bond stretching. Besides, the step III is the single source of free energy in our reaction system close to equilibrium condition due to close of whole medium to the free energy minimum (the ATP hydrolysis reaction in muscle cells under no equilibrium condition will be considered below). However, we cannot apply the EX ‡ complex as an enzyme because the complex has a transient state and its working places, active site and binding place, are taken.
In accordance with our approach we have to assume the presence of some additional complex EX in our reaction medium as an active enzyme which has the following properties: specific binding place on the enzyme is free (i); there are one small transfer group X of the reaction in the active site of the enzyme (ii); this group X has free energy excess due to more easily bound state that may be utilized after association with substrate for lowering the activation energy (iii). Then the transfer of this group to final position on the bound substrate must be considered as additional coupled reaction for subsequent substrate conversion. Besides, we must include regeneration of the active enzyme in the last step of conversion.
Thus, we have the following assumption scheme
where the complicated step II includes both association of the first transfer group X1 with bound substrate and regeneration of the enzyme by the second transfer group coming from substrate. The model (3) may be represented by general scheme
where EX is the enzyme in its active form, X is the transfer group of the S ==> P reaction. I have proposed the general scheme (4) early where EX was the complex of the hypothetical enzyme with the intermediate product (Fogel, 1982) . One can see that the X1 group of the active enzyme must be appeared in the product, i. e. we represent the active enzyme as reactant of the reaction. Besides, the reaction (3) must be interpreted as the incomplete conversion of the substrate particle because its initial group X2 must be remained on the enzyme.
In the case of cleavage of one chemical bond it is not clear how the enzyme with one active site can be regenerated during step II of the reaction (3). There are five general chemical transformations occurring in cells (oxidation-reduction, rearrangement, group transfer, cleavage, condensation) and all of them involve the breakdown of two or more bonds of the reagents. Therefore, the breakdown of the first initial bond after X1 association with substrate and formation of the first final bond give possibility to enzyme regeneration.
CONFIRMATIONS AND CONCLUSIONS
The crucial point for verification of my concept is that the catalyst must be a complex of the enzyme with the transfer group of the reaction. This chemical aspect is in accordance with the well-known mechanisms of several families of enzymatic reactions. Let us consider the reaction of peptide bond hydrolysis catalyzed by a pure protein -α chymotrypsin (enzyme acting without cofactor), a well-studied member of the serine proteases family, see 5, 6 . I emphasize two distinguishable steps S1 + EH ==> P1H + EP2 (5a)
EP2 + H-O-H ==> EH + P2OH (5b)
where S1 is a polypeptide, P1H and P2OH are products. The first step (5a) includes the formation of a covalent acyl-enzyme intermediate; the second step (5b) is the deacylation step. It is important to note that the H, initially found on the enzyme, appears in the product, therefore it can be considered as an additional reaction group. The nature of it isn't clear, see below after reaction (7) . Thus, the reaction (5a) shows that the enzyme acts as usual reactant of the reaction. According to proposed energetic aspect, H transport from enzyme promotes the formation of the first final chemical bond and regeneration of the enzyme in the presence of second reactant.
Let us consider another example. An important step in glycolysis is the interconversion of glyceraldehyde-3-phosphate (G3P) and dihydroxyacetone phosphate (DHAP) catalyzed by a well-studied enzyme triose phosphate isomerase. The active site of the enzyme includes a glutamate residue (Glu 165) and a histidine (His 95). The onesubstrate reaction can be briefly described as the two-step conversion
The first step shows the formation of an enediol intermediate that proceeds due to the transfer of His95 H group from the enzyme to the carbonyl (the reaction above outlined as additional exergonic reaction) and the transfer of C2 proton to Glu165 of the enzyme 7, 8 . As in the former example, the H group initially found on the enzyme must be assumed as an additional reactant group. Note also that the H initially found on the substrate does not appear in the product, therefore reaction (6) must be considered as partial conversion of the G3P molecule. Thus, the general hypothetical scheme (1) implying complete substrate conversion to product does not be applicable for this reaction. One may see such a discrepancy in the former example as well. In addition, we stress contradiction of these two examples with widely accepted version of the enzyme catalysis conception above mentioned because we cannot find the substrate transitional structures in the examples necessary for statement of the enzyme complementarities.
Another aspect of my suggestion is that the enzyme in active form EX is a high-energy enzymatic complex that may be produced in the specific procedure. It is well known that -chymotrypsin is initially synthesized as chymotrypsinogen that is cleaved by trypsin α to expose the active enzyme site, see 9 . To obtain the active enzyme with another additional transfer group, the cofactor dependent phosphoglycerate mutase that catalyzes the transformation of 3-phosphoglycerate to 2-phosphoglycerate must be firstly phosphorylated by 2,3-bisphosphoglycerate, see 10 . The enzyme activation may be done during preincubation of the enzyme with specific agents or substrates.
Note that we arrived at the conclusion concerning the involvement of an additional reactant group without evaluation of extent of free energy transfer. Therefore this conclusion may be applied to non-enzymatic catalysis. Thus, I suggest the common principle of catalysis under close to equilibrium condition, an involvement of the additional transfer group into catalytic reaction. This hypothesis proposed by author earlier for the case of a high dielectric constant 11 may be supported by known mechanism of acid-catalyzed decomposition of formic acid:
We can see the single H + transfer here and there in the catalytic reaction that is impossible inside the enzyme. Therefore, the proton transfer in the enzymatic reaction above outlined is accompanied by one or two electrons transport. Electron transport must be interpreted as bond breakdown and bond formation.
The catalytic mechanism (additional free energy transfer; this requirement is necessary for catalysis in two opposite directions under equilibrium condition) does not depend on the concentration of substrates or products of the reaction in the medium. However, a shift in their concentration causes, mainly, the free energy changes of the first and final steps of the simple scheme (3) due to the changes of the free energy content of every molecule, whether S or P, in water solution. These speculations are in accord with the following results. The final step of ATP hydrolysis in skeletal muscle is the product release caused by the association of myosin heads with actin 12 . The course of events is that the closing of the actin-binding cleft during the association reaction is structurally coupled to the opening of the nucleotide-binding pocket on the myosin active site 13 . Notably, the final steps of ATP hydrolysis include the fast release of phosphate and slow ADP release 14, 15 . Release of a phosphate anion from bound ADP anion into water solution may be considered as an exergonic step. Obviously, its free energy cannot be used directly in the previous steps of hydrolysis of this ATP molecule. Besides, the excess free energy of the additional reactant cannot be utilized in muscle contraction without inhibition of ATP hydrolysis.
Thus, we arrive at the conclusion that the priority release of the phosphate leads to transformation of free energy of ATP hydrolysis into the kinetic energy of the solvated phosphate that gives an active streaming. This conclusion of such a kind of local mechanochemical transduction is consistent with the Tirosh mechanism of muscle contraction that a force in muscle is a summarized action of the active streamings from actin-bound myosin heads caused by ATP hydrolysis 16 .
